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FOREWORD 


This  report  is  submitted  in  connection  with  Potamology  Research 
Project  No.  11,  conducted  by  the  Memphis  District,  Corps  of  Engineers, 
by  direction  of  the  Lower  Mississippi  Valley  Division  Potamology  Board. 

This  study  is  a follow-up  to  an  earlier  study  made  to  determine  the 
feasibility  of  using  plastic  filter  cloth  as  a substitute  for  the 
standard  gravel  blanket  used  in  revetment  construction.  The  results 
of  that  study  are  published  in  Report  21-4,  Use  of  Plastic  Filter  Cloth 
in  Revetment  Construction,  dated  June  1970.  The  difficulty  encountered 
in  placing  the  cloth  on  the  underwater  slope  led  to  this  study  to 
determine  whether  the  cloth  could  be  placed  by  sinking  as  a part  of 

the  revetment  mattress.  This  report  includes  the  results  of  experimental  V 

installations  of  the  filter  cloth  in  revetment  construction  at  Island  40, 

Tennessee,  in  1968  and  at  Hickman-Reelfoot , Kentucky,  in  1969.  The 
project  was  proposed  at  the  Twenty-First  Potamology  Conference  on 
21  November  1967  and  approved  by  the  Potamology  Board  in  paragraph  30 
of  the  minutes  of  that  meeting. 

The  study  was  conducted  by  Mr.  B.  J.  Littlejohn  under  the  supervision 
of  Mr.  C.  L.  Curry  and  the  general  direction  of  Messrs.  J.  L.  Hyde  and 
A.  C.  Michaels,  Engineering  Division.  The  field  work  was  coordinated 
and  documented  by  Messrs.  J.  H.  Bowman  and  D.  L.  McNutt  and  the  report 
was  prepared  by  Mr.  B.  J.  Littlejohn. 
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Colonel  Charles  T.  Williams,  CE,  Colonel  John  V.  Parish,  Jr.,  CK, 


Colonel  A.  C.  Lehman,  CK,  and  Colonel  Hoberl  W'.  Loekr idge , Jr.,  CK, 
were  District  Engineers  during  the  conduct  of  the  study  and  the 
preparation  of  this  report. 
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SUMMARY 


This  study  is  part  of  a program  of  general  investigations  for 
improving  the  design  of  stabilization  structures  on  the  lower 

\j 

Mississippi  River: — ‘Many  revetment  failures  occur  each  year  as  a result 
of  the  subgrade  material  being  eroded  through  the  voids  of  the  articu- 
lated concrete  revetment  mattress.  The  process  of  erosion  frequently 
continues  until  an  extensive  scour  pocket  develops  beneath  the  mattress. 
This  can  eventually  result  in  a structural  failure  in  the  mattress  or 
progressive  movement  toward  the  bank  and  in  either  case  poses  the  threat 
of  a bank  failure.  There  are  some  locations  where  a failure  could  not 
be  tolerated  because  of  the  possible  danger  to  life  and  property  that 
might  result.  This  stresses  the  need  for  providing  a greater  degree  of 
protection  at  such  locations  by  modifying  the  standard  revetment  design. 
In  recent  years,  woven  cloths  have  proven  very  effective  in  controlling 
erosion.  '"Limited  experiments  were  first  conducted  by  this  District  in 
1965  in  placing  woven  filter  cloth  in  revetment  construction.  This 
study  is  an  extension  of  those  experiments  with  the  objective  of 
determining  the  feasibility  of  placing  the  cloth  on  the  underwater 
subgrade  by  attaching  the  cloth  to  the  mattress  squares  during  casting 
operations  and  sinking  the  unit  as  a part  of  the  revetment  mattress.  > — 
This  report  presents  a description  of  the  construction  procedures 
and  the  results  of  two  experimental  installations  of  the  cloth.  In 
August  1968,  444  squares  were  placed  at  Island  40,  Tennessee,  with  the 
filter  cloth  bonded  to  the  bottom  sides  of  the  mattress  squares  using 
two  types  of  seams  previously  tested  in  the  laboratory.  These  did  not 
provide  a completely  satisfactory  bond  as  the  cloth  pulled  completely 


PRECEDING  FACE  hLANK 


loose  from  seven  squares  and  partially  loose  from  numerous  others.  As 
a secondary  objective,  annual  surveys  were  made  to  evaluate  the 
performance  of  this  test  section  against  adjacent  sections  ot  mattress 
underlain  with  the-  standard  gravel  blanket,  but  over  the  last  several 
years  a fill  has  deposited  over  the  test  reach,  thus  preventing 
further  comparisons.  In  September  1969,  18  squares  were  placed  at 

11  lckman-Keel foot , Kentucky,  to  test  two  variations  of  a different  type 
of  bonding  device  consisting  of  one-quarter  inch  cords  sewn  on  top  of 
the  strips  of  cloth. 

In  general,  the  experiments  showed  that  the  cloth  can  be  satis- 
factorily placed  on  the  underwater  subgrade  by  bonding  the  cloth  to 
the  bottom  of  the  mattress  squares.  The  cords  sewn  on  top  of  the 
cloth  in  Experiment  No.  2 provided  better  bonding  qualities  than  the 
sewn  seams  used  in  Experiment  No.  1.  The  cost  of  mattress  in  place 
with  the  filter  cloth  attached  would  be  increased  by  about  25  percent 
over  the  cost  of  standard  mattress.  However,  Ute  use  of  filter  cloth 
bonded  to  the  mattress  squares  is  recommended  for  consideration  when 
the  requirement  for  a more  effective  bank  protection  at  certain  loca- 
tions warrants  the  additional  cost*  and  particularly  in  cases  where 

A' 

a bank  failure  would  be  crucial. 
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1.  Revetments  have  been  a valuable  tool  in  developing  the  Lower 
Mississippi  River  for  navigation  and  flood  control.  In  the  master  plan 
for  stabilizing  the  Lower  Mississippi,  revetments  are  used  extensively 
to  hold  the  channel  in  a desired  alignment  by  preventing  bank  caving 
and  controlling  channel  meandering. 

2.  The  construction  of  a revetment  consists  mainly  of  grading  the 

river  bank  to  a stable  slope  and  then  covering  the  bank  with  an  armor 
of  stone,  concrete,  or  other  materials  resistant  to  current  and  wave 
action.  The  articulated  concrete  mattress  used  for  the  underwater 
portion  of  the  bank  and  the  riprap  stone  used  for  the  upper  bank  have 

evolved  as  the  present  standard  for  bank  protection  on  the  lower  river. 

This  mattress  is  made  up  of  units  1 feet  wide  and  2f>  feet  long, 
consisting  of  twenty  concrete  blocks,  3 inches  thick,  connected  with  a 
corrosion  resistant  wire  fabric.  These  mattress  units  are  commonly 
referred  to  as  squares  (100  sq.  ft.)  and  are  precast  on  land  and  trans- 
ported by  barge  to  the  site  for  assembly  and  sinking.  They  are  placed 

by  a highly  specialized  plant  developed  for  the  Lower  Mississippi  River. 

3.  The  space  between  the  individual  concrete  blocks  is  about 

5 8-inch  and  the  longitudinal  space  between  adjacent  squares  is  about 
1-3  1 inches.  These  openings  perform  two  important  functions: 

(1)  permit  sufficient  drainage  from  the  bank  to  prevent  the  build-up 


>>t  lies  t ruet  l ve  hydrostatic  pressures  und  (li)  provide  flexibility  of 
the  mattress  to  conform  to  the  natural  irregularities  of  the  rivet- 
hank  and  changes  which  occur  from  subsequent  loss  of  material  from 
beneath  the  mattress.  While  these  openings  in  the  mattress  have  a 
definite  purpose,  they  also  create  a weakness  in  the  bank  protection. 

The  openings  in  a revetment  mattress  amount  to  about  M percent  of  the 
total  area.  The  loss  of  subgrade  material  through  the  mattress  due 
to  current  and  wave  action  is  considered  to  be  the  primary  cause  of 
most  revetment  failures.  This  in  turn  results  in  large  expenditures 
for  revetment  maintenance. 

Pill  POST  AM)  SCOPK 

■ I.  The  purpose  of  t lie  study  was  to  determine  by  full-scale  field 
experiments  the  teasib  lity  of  placing  filter  cloth  on  the  underwater 
subgrade  by  bonding  the  cloth  to  the  mattress  squares  during  the 
casting  operation  and  sinking  as  part  of  the  normal  construction 
operation.  The  experiments  were  intended  primarily  to  test  this 
method  of  placing  the  cloth.  Tor  this  reason,  the  limits  of  the  filter 
cloth  would  be  the  same  as  the  mattress  limits  rather  than  the  limits 
of  the  blanket  material.  A secondary  purpose  was  to  make  a general 
evaluation  of  the  performance  of  the  mattress  underlain  with  the 
cloth  m relation  to  that  of  standard  revetment  mattress  where  possible. 

b . Two  separate  experiments  were  conducted,  the  first  in  19b8 
involving  111  squares  and  the  second  in  I'.Hii)  involving  •It'  squares. 

This  report  presents  the  details  of  construction  and  the  results  of 
the  two  experiments,  hereafter  referred  to  as  Kxpenment  No.  1 and 
K xpe r l men t No.  1!,  which  are  covered  in  subsequent  sections  of  the 


BLANKET  MATERIALS  PRESENTLY  USED 


6.  A layer  of  material,  commonly  called  a blanket,  is  placed  in  a 
strip  along  the  bank  after  grading  is  completed.  Its  primary  purpose  is 
to  provide  interim  protection  to  the  bank  against  the  erosive  action 

of  the  current,  waves,  and  propeller  wash  during  the  one-to-two  week 
period  between  the  bank  grading  and  mattress  sinking  operations.  The 
blanket  serves  a secondary  purpose  in  providing  additional  protection 
against  erosion  in  the  zone  of  connection  between  the  mattress  and  the 
stone  paving  where  many  failures  occur.  The  most  commonly  used  blanket 
materials  are  river-run  gravel,  crushed  stone,  and  shell.  This  is 
because  of  the  nominal  cost  and  availability  in  large  enough  quantities 
to  support  the  revetment  construction  operation. 

7.  The  width  of  the  blanket  is  determined  by  the  type  of  soil  in 
the  bank.  On  sandy  banks,  the  blanket  is  extended  to  the  top  of  the 
bank.  On  banks  of  less  erodible  soils  such  as  silts  or  other  fine 
grained  deposits,  the  blanket  is  extended  from  about  mid-bank  to 
about  10  feet  vertically  below  the  water  elevation,  which  covers  the 
area  of  the  most  critical  erosion.  The  blanket  is  placed  4 inches  in 
thickness  above  the  water  surface  and  at  the  rate  of  2.5  tons  per  square 
(100  sq.  ft.)  below  the  water  surface,  which  if  evenly  distributed, 
would  amount  to  a thickness  of  6 inches.  Because  of  the  difficulty 
involved  in  underwater  placement,  no  blanket  is  provided  under  the 
remaining  portion  of  the  mattress. 

8.  Even  with  the  blanket,  undermining  of  the  inshore  portion  of 
the  mattress  still  occurs  at  some  locations.  One  solution  to  this 


3 


problem  in  past  years  has  been  to  fill  the  openings  in  the  portion  of 
the  mattress  exposed  during  low  river  stages  with  a sand-cement  or 
sand-asphalt  grout.  However,  this  adversely  affected  both  the 
flexibility  and  permeability  of  the  mattress.  Furthermore,  the  cost 
became  prohibitive  and  this  practice  was  discontinued.  At  locations 
where  the  mattress  was  placed  some  distance  above  the  low  water  ele- 
vation because  of  high  river  stages  at  the  time  of  placement,  repair 
costs  have  been  extremely  high,  particularly  on  sandy  banks. 

PLASTIC  CLOTH  AS  EROSION  PKOTECTION 

9.  The  increasing  use  of  synthetic  filters  for  erosion  control 
prompted  a study  which  was  initiated  in  1965  by  the  Memphis  District 

to  compare  the  relaiive  merits  of  a woven  plastic  cloth  to  those  of  the 
standard  gravel  blanket  presently  used.  The  results  of  the  study  are 
reported  in  Potamology  Investigations  Iteport  21-4,  dated  June  1970, 
which  included  a comparison  of  the  effectiveness  and  cost  of  the  two 
materials.  It  was  found  in  that  study  that  the  cloth  was  superior  to 
gravel  in  retaining  subgrade  material  under  the  articulated  concrete 
mattress.  However,  one  main  drawback  to  using  the  cloth  was  that  there 
was  no  mechanical  means  of  placing  and  holding  the  cloth  on  the  under- 
water subgrade  in  the  swift  and  turbulent  current  usually  encountered 
in  revetment  construction.  This  required  hand  placing  which  limited 
the  depth  of  placement  to  about  4 feet. 

10.  Because  of  this  difficulty  in  placing  and  anchoring  the 
filter  on  the  underwater  slope,  an  idea  was  advanced  to  attach  the 
filter  cloth  to  the  bottom  of  the  mattress  squares  during  the 
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<>  ve  r l a pp  l ng  the  other,  lilts  space  would  I *«  ■ covered  by  two  luyt‘  it.  of 
filter  cloth.  Tins  would  provide  un  «*xt  ru  margin  of  s o I «•  t > to  insure 
I lull  the  cloth  would  extend  over  I lie  lull  urea  of  I lie  mu  (tress. 

K \ I T: It  I MKNT  \<>.  I : 

skuhtion  ok  rill-:  honhini;  dkvh  k 

II.  flu*  first  problem  to  be  sol  veil  wus  I hu  I ot  I i lull  nr  some  menus 
ot  fastening  lhi‘  filler  cloth  to  the  concrete  mu  I tress.  Allot  coils  id 
I'rlni;  several  possibilities,  it  wus  decided  to  Incorporate  n ruiseil 
scum  in  I lie  cloth  to  form  n protrusion  which  would  be  imbedded  in  I In' 
concrete  mu  (tress  during  the  casting  opernllon.  file  lileu  wus  simple 
but  the  setim  would  Imve  to  be  devised  within  two  baste  constraints. 

The  first  was  that  the  seam  would  have  to  protrude  far  enough  to 
become  firmly  Imbedded  in  I hi'  cone  re  t e . The  si’coiul  was  that  the  scum 
won Id  have  to  be  either  sufficiently  small  or  compressible  to  prevent 
raisin^  the  steel  mattress  forms  excessively  because  the  ousting 
contractor  is  paid  on  the  basis  of  a thcorel leal  volume  of  concrete 
placed.  Any  increase  in  the  quantity  of  concrete  remit  rod  to  fill 
the  forms  could  possibly  be  the  basis  for  a claim  by  the  contractor. 
Samples  of  cloth  with  two  types  of  raised  seams,  located  t<  inches 
from  the  1 ong t t ml  iua 1 edges  of  the  cloth  strip,  were  supplied  by  the 
manufacturer.  One  type  of  seam  consisted  of  a l S Ini'll  hollow 
polyethylene  cord  which  was  inclosed  and  sewn  into  a fold  of  the  cloth. 
The  other  consisted  of  a double  fold  in  the  cloth  sewn  in  place.  Small 


scale  laboratory  tests  were  conducted  by  casting  individual  concrete 


blocks  to  ilctcimtiu'  l ho  bonding  qualities  of  each  seam  (Photo  1). 


These 


tests  itullcateil  that  the  seam  with  the  cord  sewn  in  furnished  a more 
su  t t s fill' t or  \ fastening  device  than  did  the  seam  with  the  fold  sewn  into 
the  cloth.  but  since  the  laboratory  tests  were  of  such  limited  scale, 
it  was  decided  to  cast  107  squares  of  mattress  using  the  cord  seam  and 
37  squares  using  the  folded  seam  to  test  both  types  under  actual  field 
coiul  i t ions  . 

I 'AST  INC.  II  IK  MATTUKSS 

lb.  The  experimental  mattress  squares  were  rust  at  Kichardson 
band  i iik  Casting  Field,  Tennessee , during  the  period  0-21  May  liliis.  'The 
operution  was  conducted  lit  conjunction  with  the  mattress  cast  in*;  con 
tract,  which  was  mini  if  led  to  incorporate  the  rusting  of  111  squares  of 
mattress  with  the  tiller  cloth  bonded  to  the  bottom  side. 

1 1> . The  normal  casting  procedure  is  outlined  as  follows:  (l)  Kraft 
paper  is  placed  on  the  ground  anil  on  successive  layers  of  mattress, 

(2)  the  wire  fabric  is  placed  m the  forms,  (3)  the  forms  are  set  m 
position  on  the  Kraft  paper  and  the  fabric  positioned  in  the  forms, 

(•I)  the  concrete  is  placed  in  the  forms,  (5)  the  concrete  is  finished, 
and  (0)  the  forms  are  removed  after  initial  set  of  the  concrete.  The 
mattress  is  cast  in  stacks  12  squares  high  and  the  ends  ol  the  stacks 
are  normally  spaced  10  inches  apart.  Pasting  of  the  experimental 
mattress  required  a slight  alteration  of  the  normal  casting  procedure 
to  include  two  additional  steps.  Alter  the  kraft  paper  was  placed, 
step  11)  above,  the  filter  cloth  was  placed  on  top  of  the  paper  with 


t lu'  seams  on  t he  top  side  (Photo  2). 


Tlic  cloth  was  supplied  in  rolls 


170  anti  l!).r>  foot  long,  and  plaood  in  oontinuons  runs  to  oovor  IS  anil 

19  .stacks,  respectively,  for  a comp  lo  to  row  of  117  stacks.  flits  required 

* that  the  cloth  between  the  ends  of  the  squares  be  cut  after  the  concrete 

hat)  sot  (Photo  It).  The  mattress  stacks  were  spaced  f>  inches  ..part  at 

I the  ends  rather  than  the  usual  10  inches  to  minimize  waste  of  the  filter 

! 

cloth.  The  cloth  was  cut  nearly  flush  with  the  ends  of  the  squares  to 
prevent  the  excess  cloth  from  interfering  with  tying  the  three  wires  at 
[ the  ends  of  the  squares  during:  assembly  of  the  mattress.  Since  the 

maximum  space  between  the  ends  of  the  squares  after  assembly  is  only 
1 2- inch,  this  diil  not  materially  affect  the  filter  coverage. 

17.  The  above  procedure  was  used  in  ousting  the  first  eleven  layers 
of  the  experimental  mattress.  In  the  twelfth  and  final  layer,  the  kraft 
paper  was  omitted  to  determine  whether  the  filter  cloth  would  perform 
the  function  of  the  paper,  that  of  preventing  a cement  bond  from  forming 
between  successive  layers  of  mattress  as  the  squares  were  cast  on  the 
stack.  Since  laboratory  tests  indicated  that  some  bonding  would  occur 
when  only  the  filter  cloth  separated  two  adjacent  squares,  a film  of 
oil  was  sprayed  on  the  surface  of  the  eleventh  layer  to  minimi/.e  this 
prob  1 ein . 

IS.  Upon  unrolling  the  cloth  with  the  polyethylene  cord  sewn  in, 
there  was  a crease  in  the  cloth  parallel  to  the  cord  which  could  not 
be  eliminated  without  delaying  the  casting  operations  (Photo  I).  This 
reduced  the  effective  width  of  the  cloth  as  much  as  two  inches  in  some 
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1!>.  flu-  site'  sc' loo  tod  tor  placement  of  tho  expo  r t nic'n  t a 1 mattress 
was  Island  to,  Tennessee,  about  l-  mile's  upstream  from  Memphis  where 
the  existing  revetmei.l  was  to  he-  extended  upstream  duriup  the  l thift 
construct  ion  season  to  prevent  caving  alonp  the  west  bank  of  the' 
Mississippi  lilvor  at  mile  717  All  I1 . Tilts  location  was  selected  so  that 
the  test  sect  ion  could  be  pi  act'd  on  a simile  bank  where  it  would  be 
susceptible  to  erosion  of  material  through  the  openings  of  the  mattress. 

DO.  The  revetment  design  included  articulated  concrete  muttress 
e x l end  l up  from  un  elevation  of  about  tb  AI.WP  (ft  feel  above  t he  avi'iapo 
low  water  plane)  to  a depth  of  ab  foot  at  the  toe  of  the  slojio,  for  an 
inshore  to  nut  sIliMe  width  of  about  D 7 ft  loot.  Kipiap  sli'iie  pavinp  was 
sfiecified  from  the  inshore  edpe  of  the  muttress  to  the  top  of  the  bunk. 

A p ravel  blanket  was  also  specific'll  to  t'xtend  from  lift  Al.Wl’,  c>r  approxi 
mate  mid-bank,  down  the  slope  to  a point  10  feet  vert  ically  below  the 
water  surface.  The'  test  suuuros  were  to  be-  place'll  m two  mil  t t ri'sse's 
be’ tween  runpt's  lDDtDft  and  1 D 1 1 Ob  as  part  of  the'  D , ADO-  foot  upstream 
extension  of  the-  re  ve' t mi'll  t fl’l..te  1).  I'm'  full  mattress,  tab  fee't  l'\ 


ii 7 it  fe'i't,  would  tv  assembled  from  Abb  of  the'  test  suuares. 


I'hi'  re-mu  lump 


59  squares  would  bo  placed  in  the  first  two  launches  or  t bo  inshore 
50  foot,  of  the  next  mattress  upstream. 

MOVEMENT  TO  THK  MATTRESS  11AKC.K 

21.  On  22  August  19t>8,  the  experimental  mattress  was  moved  from 
the  easting  field  to  a barge  for  transporting  later  to  the  work  site 
at  Island  10  Revetment.  The  mattress  was  picked  up  in  stacks  of 

12  squares  by  a crane  with  a lifting  frame  and  loaded  onto  a low-bed 
truck.  It  was  then  hauled  to  the  riverbank  where  it  was  moved  in 
the  same  manner  from  the  truck  to  the  barge  (Photo  5).  All  of  the 
111  experimental  squares  were  loaded  on  one  barge.  The  entire  loading 
operation  was  accomplished  without  any  alteration  of  the  normal 
handling  procedure  and  no  additional  time  was  required  to  handle  and 
load  the  experimental  mattress.  During  the  moving  operation,  only 
one  instance  was  noted  where  the  filter  cloth  come  loose  from  one  of 
t he  ma  t t ress  squares . 

1 ’1  AC  I NC  TH K MATTRESS 

22.  The  experimental  mattress  squares  were  placed  at  Island  10  on 
2b  August  lDtib.  The  sinking  operation  proceeded  without  difficulty, 
except  for  an  initial  slowing  of  production  until  the  crane  operators 
became  accustomed  to  the  experimental  mattress. 

22.  The  two-square  pick-up  frames,  which  are  used  in  moving  the 
mattress  from  the  supply  barges  to  the  mat  deck  on  the  sinking  plant, 
were  used  successfully  in  picking  up  and  handling  the  test  squares 
(Photo  (>).  The  pick-up  frame  is  equipped  with  a set  of  alternating 
short  and  long  points,  each  with  air-activated  fingers  to  hook  the 


w i re  fubric  prut  I'uii  inn  on  each  side  of  the  squares. 


llu-  short  points 


lift  tho  top  squa re  as  the  long  points  lift  the  bottom  square.  To 
pick  lip  two  of  the  test  squares,  it  was  necessary  for  the  long  points 
to  pierce  the  filter  cloth  protruding  outward  between  the  two  squares 
m tlu-  area  of  the  scarf  box  to  pick  up  the  lower  square,  but  this 
proved  to  he  no  problem.  Also,  there  were  no  serious  problems  in 
separating  the  mattress  squares  where  the  kraft  paper  had  been  omitted 
between  the  eleventh  and  twelfth  layers  on  the  stacks  at  the  casting 
t le  Id  . 

111.  Assembly  of  the  test  squares  in  tlu-  mattress  was  done  m the 
same  manner  as  with  standard  mattress  squares.  Most  of  the  wire  tying 
was  done  manually  and  proceeded  at  a normal  rate.  One  automatic  lying 
tool  was  being  tested  ill  a separate  experiment  to  determine  its  feasi- 
bility in  lu-u  of  manual  tying,  which  became  the  standard  method  for 
tvmg  in  1970  (l'hoto  7).  It  was  used  successfully  in  tying  some  of 
tlu-  test  squares,  with  no  malfunctions  or  delays  due  to  the  underlying 
filter  cloth.  It  had  been  anticipated  that  the  portion  of  the  cloth 
extending  beyond  the  sides  of  the  squares  might  interfere  with  tlu- 
operation  of  the  tool,  but  this  was  not  the  case. 

Hf>.  Kurh  launch  was  closely  observed  as  it  moved  down  the  mat 
deck  and  into  the  water  to  determine  whether  tlu-  filter  cloth  was 
still  attached  to  the  bottom  of  the  mattress  squares  (Photo  S)  . 'flu- 
e-loth on  seven  squares  was  pulled  loose  from  the  concrete  mattress  to 
such  extent  that  it  would  be  of  little  or  no  value  as  erosion  control. 


1 1 


Several  more  squares  had  portions  of  the  cloth  pulled  loose  to  the 


extent  that  the  filter  coverage  provided  as  the  mattress  squares  were 
being  placed  on  the  underwater  subgrade  was  questionable.  Numerous 
other  squares  had  one  or  more  corners  pulled  loose  from  the  mattress. 
Since  most  of  the  cloth  strips  were  pulled  loose  as  the  mattress  was 
being  launched  from  the  sinking  plant,  a breakdown  of  the  bonding 
failures  between  the  two  types  of  seams  could  not  be  made. 

26.  There  was  some  concern  that  sinking  the  experimental  mattress 
might  present  a problem  because  of  the  substantial  reduction  in 
permeability  of  the  mattress  due  to  the  attached  filter  cloth.  There 
have  been  instances  where  a complete  mattress  has  been  overturned  by 
the  tremendous  forces  of  the  current  during  the  sinking  operations. 
However,  no  difficulty  was  experienced  and  the  experimental  mattress 
sank  as  smoothly  as  standard  mattress.  Surface  velocities  of  the 
current  measured  at  the  inshore  and  outshore  ends  of  the  mattress  were 
3.9  and  4.7  feet  per  second,  respectively,  generally  representing 
normal  flow  conditions. 

27.  The  fact  that  the  two  types  of  seams  used  in  this  experiment 
did  not  provide  a completely  satisfactory  bond  led  to  a second  experi- 
ment to  test  a different  type  of  bonding  device,  which  is  described 

in  the  next  section  as  Experiment  No.  2. 
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EXPERIMENT  NO. 


THK  liONDINc;  DEVICE 

2b.  After  being  ud vised  of  the  failures  in  the  bonding  devices  used 
in  the  first  experiment,  Carthage  Mills,  Incorporated,  furnished  two  sam- 
ples with  a cord  sewn  directly  on  top  of  the  cloth.  They  had  continued 
attempts  to  develop  a more  satisfactory  bonding  device  even  before  the 
first  experiment  was  conducted.  This  type  of  bonding  device  had  a major 
advantage  over  the  two  previously  used  in  allowing  the  cloth  to  extend 
the  full  two  inches  beyond  the  edge  of  the  mattress  on  each  side  since 
the  entire  50-inch  width  of  the  cloth  laid  flat  with  no  folds  or  creases 
(Photos  0 and  10).  Doth  samples  of  cloth  had  a 1 /-l- inch  diameter  cord 

sewn  on  top,  but  one  was  polyethylene  and  the  other  cotton.  These  were  V 

located  six  inches  from  and  parallel  to  the  two  longitudinal  edges, 
the  same  as  for  the  previously  used  seams. 

CAST INC i THE  MATTKKSS 

29.  The  experimental  mattress  squares  were  cast  at  Cates  Casting 
Field,  Tennessee,  on  20-22  May  1969,  in  conjunction  with  the  standard 
mattress  casting  contract  which  was  mod i lied  to  incorporate  the  casting 
of  lb  squares  of  mattress  with  the  filter  cloth  bonded  to  the  bottom 
side.  The  casting  procedure  was  the  same  as  that  used  in  Experiment 
No.  1.  Of  the  lb  test  squares,  21  were  cast  using  the  polyethylene 
cord  and  21  were  cast  using  the  cotton  cord.  The  corners  of  the  test 
squares  were  painted  with  red  or  black  paint  for  easy  identification 
of  the  two  types  of  cord  during  t lie  handling,  assembling,  and  sinking 
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MOVEMENT  TO  'HIE  MATTRESS  llAKCiE 


30.  On  16  September  1969,  tlio  tost  squares  were  moved  from  the 
east  mu  field  to  a mattress  barge  for  shipment  to  the  sinking  site. 

The  squares  were  loaded  in  the  same  manner  as  in  Experiment  No.  1 and 
none  of  the  eloth  strips  came  loose  during  the  loading  operation. 

I’lalC  INC,  THE  MATTRESS 

31.  The  site  selected  for  placing  the  IS  test  squares  was  Hickman- 
Keelfoot  Revetment,  about  six  miles  downstream  from  Hickman,  Kentucky. 

The  revetment  was  to  be  extended  6,960  feet  downstream  along  the  east 
bank  at  mile  910  .Mil’.  Because  of  the  small  number  of  squares  involved, 
performance  of  t he  test  squares  was  not  a consideration  in  this  experi- 
ment. The  only  objective  was  to  determine  the  adequacy  of  the  cords  in 
bonding  the  fitter  cloth  to  the  mattress  squares. 

32.  The  test  squares  were  placed  on  22  September  1969,  in  one 
mattress  between  ranges  317i70  and  318+30.  They  were  arranged  16  abreast 
m each  of  the  first  three  launches,  with  the  remaining  three  arranged 
abreast  in  t lie  fourth  launch.  There  were  no  requirements  for  separating 
the  test  squares  according  to  the  type  of  cord  used.  As  in  experiment 
No.  1,  there  were  no  difficulties  in  sinking  the  18  squares. 

33.  The  cords  sewn  on  top  of  the  filter  cloth  definitely  provided 
a more  satisfactory  bond  than  the  seams  used  in  Experiment  No.  1. 

However,  the  use  of  the  cords  did  not  completely  eliminate  bonding 
failures  between  the  filter  cloth  and  mattress.  As  the  mattress  units 
were  being  handled  and  assembled  on  the  deck  of  the  sinking  plant,  one 
square  had  the  cloth  pulled  loose  from  a part  of  one  side  and  another 
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had  tlu'  cloth  pul  l oil  loose  from  a small  area  in  one  corner.  On  both 
squares  where  these  partial  failures  were  observed,  the  cotton  cord 
had  been  used.  No  failures  were  observed  on  squares  where  the  polyethy- 
lene cord  was  used  as  the  bonding  device. 

COSTS 

SI.  This  means  of  placing  the  filter  cloth  on  the  underwater  sub- 
grade involved  simply  an  alteration  of  the  existing  method  of  casting 
articulated  concrete  mattress.  Therefore,  the  only  meaningful  cost  is 
tlu1  additional  amount  required  for  the  purchase  and  installation  of 
the  filter  cloth  in  the  casting  operation.  No  additional  costs  were 
ncluded  for  sinking  because  there  was  no  discernible  difference  in 
u handling,  assembling,  and  launching  of  the  test  squares  and  standard 
mattress  squares.  No  savings  were  claimed  for  eliminating  the  Kraft 
paper  because  the  oil  sprat  treatment  required  would  probablx  offset 

tills  sax  ings  . 

за.  Kor  Kxperiment  No.  1,  the  cost  of  the  cloth  amounted  to  $13.69 
per  square  and  the  additional  cost  for  casting  the  mattress  with  the 
filter  cloth  attached  amounted  to  about  $0.10  per  square  for  a total 
in-place  cost  of  $13.79  per  square.  Kor  Kxperiment  No.  3,  the  cost 

of  the  cloth  amounted  to  $1-1.32  per  square  and  the  additional  cost  for 
casting  was  $0.10  per  square  for  a total  in-place  cost  of  $11.12  per 
squa re . 

PI SO OSS  ION 

зб.  Until  of  the  experiments  were  considered  successful  from  a 
construction  standpoint.  The  great  majority  of  the  test  squares  were 
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cast  and  placed  in  a satisfactory  condition.  Also,  there  were  no 
unusual  problems  encountered  during  the  course  of  the  two  experiments. 

37.  Casting  the  articulated  concrete  mattress  with  the  filter  cloth 
attached  to  the  bottom  side  and  sinking  it  as  an  integral  part  of  the 
mattress  is  a means  by  which  revetments  can  be  constructed  to  provide  a 
greater  degree  ol  protection  against  the  erosive  forces  of  t lie  river. 

The  filter  cloth  lias  been  shown  in  previous  tests  to  be  superior  to 
gravel  as  a filter,  but  until  now,  there  has  not  been  a suitable  method 
available  for  placing  and  holding  the  filter  cloth  on  the  underwater 
subgrade.  This  method  eliminates  hand  placement  of  the  cloth  and  in  the 
case  of  Island  TO  was  placed  to  a depth  of  35  feet  with  no  problems. 
Placement  to  greater  depths  may  be  possible  but  this  can  be  determined 
only  by  further  tests.  No  ballasting  is  required  to  anchor  the  cloth  in 
place  since  it  is  directly  under  the  mattress. 

38.  At  the  same  time,  there  are  several  inherent  disadvantages  to 
this  method  of  placing  the  filter  cloth.  The  major  one  is  that  the 

need  for  gravel  is  not  eliminated  since  the  graded  bank  must  be  protected 
during  the  interim  period  between  the  grading  and  sinking  operations. 

The  quantity  of  gravel  could  probably  be  reduced  by  the  requirement  for 
less  extensive  coverage,  but  not  eliminated.  If  the  coverage  of  the 
filter  cloth  were  limited  to  the  inshore  25-50  feet  where  gravel  is 
usually  placed,  the  requirement  for  shuttling  mattress  barges  with  the 
two  types  of  mattress  would  reduce  the  efficiency  of  the  sinking  oper- 
ations, resulting  in  a higher  sinking  cost. 
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;i9.  Placement  of  the  filter  cloth  over  the  entire  mattress  area 
as  was  clone  in  Experiment  No.  1 is  considered  practical  from  a 
construction  standpoint  and  could  conceivably  be  economically  feasible 
in  some  cases.  At  locations  where  problems  with  bank  failures  can  be 
anticipated  because  of  severe  current  attack,  highly  credible  soils,  o 
other  adverse  conditions,  the  extra  degree'  of  protection  provided  by 
the  filter  cloth  may  be  warranted.  It  is  quite  likely  that  the' 
reduction  ill  maintenance  costs  would  in  many  cases  be  substantial 
enough  to  more  than  offset  the  additional  cost  of  the  filter  cloth, 
depending  on  individual  site  conditions.  In  other  cases  where  a bank 
failure  would  threaten  life  or  property  by  the  loss  of  flood  control 
structures  or  other  critical  works,  this  method  should  be  given  strong 
consideration.  Economics  is  not  the  primary  consideration  in  such 
cases  and  the  best  possible  bank  protection  must  be  provided. 

•10.  Although  performance  of  the  cloth  was  of  secondary  importance 
in  this  experiment,  surveys  have  been  made  annually  at  the  Island  10 
site  to  determine  any  differences  in  the  scour  pattern  in  the  areas 
of  the  filter  cloth  and  the  adjacent  standard  mattress.  Since  con- 
struction, however,  a fill  ranging  in  depth  from  1 to  3 feet  has 
deposited  over  the  entire  test  reach  thus  preventing  any  type  of 
comparison.  The  test  area  at  Hickmsn-Heel foot  was  considered  too 
small  to  make  any  meaningful  comparisons. 

11.  It  is  important  that  the  filter  cloth  selected  for  a given 
site  have  openings  small  enough  to  effectively  retain  the  subgrade 
material.  At  the  same  time,  it  is  equally  important  that  the  cloth 


have  sufficient  permeability  to  provide  free  drainage  to  prevent  the 
buildup  of  a hydrostatic  head.  With  the  many  types  and  variations  of 
synthetic  filter  materials  presently  on  the  market  and  new  ones  being 
developed  continuously,  the  designer  lias  a wide  range  from  which  to 
choose  to  meet  his  particular  needs.  The  type  of  scil  comprising  the 
bed  and  banks  of  the  site  should  be  considered  along  with  drainage  and 
ground  water  conditions.  The  velocities  of  the  current,  angle  of 
attack,  and  the  hydrographic  cycle  are  other  factors  to  consider. 
However,  it  must  also  be  considered  from  a practical  view  that  the  more 
types  of  cloth  that  are  used,  the  more  complicated  the  logistics  problem 
becomes.  The  use  of  any  mattress  underlain  with  filter  cloth  will 
require  shuttling  of  mattress  supply  barges  since  it  is  not  feasible  to 
use  the  mattress  with  attached  filter  cloth  exclusively.  The  use  of 
more  than  one  type  of  cloth  or  fabric  will  simply  compound  the  problem. 

CONCLUSIONS 

42.  From  the  two  experimental  installations  of  the  filter  cloth  at 
Island  40  and  Hickman-Reel foot , it  was  concluded  that: 

a.  Bonding  the  cloth  to  the  bottom  of  the  mattress  squares 
does  offer  a satisfactory  means  of  placing  and  anchoring  the  cloth  on 
the  underwater  subgrade  to  a depth  of  at  least  35  feet. 

b.  The  1/4-inch  cords  sewn  on  top  of  the  filter  cloth  as  used 
in  Experiment  No.  2 provide  better  bonding  qualities  Ilian  the  folded 
and  sewn  seam  of  the  types  used  in  Experiment  No.  1. 

c.  This  method  does  not  eliminate  the  need  for  gravel  in 
revetment  construction,  although  it  would  probably  reduce  the  quantity 
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Casting  concrete  mattress  blocks  on  filter  cloth  in  laboratory  tests  to  evaluate 
the  bonding  qualities  of  raised  seams.  Note  the  seam  in  the  right  center  of 

photo. 
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lattress  squares  with  filter  cloth  being  placed  on  the  deck  of  the  sinking  plan 
:>/  the  two-square  pick-up  frame. 


